Garnet and omphacite in eclogites from the Aktyuz area, northern Kyrgyz Tien Shan, preserve evidence of two distinct metamorphic events. Relic polyphase inclusions of Fe rich staurolite (X Mg < 0.29), Mg taramite, paragonite, and oligoclase (An < 16) contained in garnet cores represent a separate pre eclogitic amphibolite or epidote amphibolite facies metamorphism (T = 560 650 °C, P = 4 10 kbar). This relatively low to medium pressure metamorphic event probably resulted from the heat of the hot hanging wall at the inception of subduction. Inclusions in the garnet cores and rims and matrix omphacite (glaucophane, sodic calcic and calcic amphiboles, paragonite, phengite, epidote, albite, rutile, hematite, and quartz) suggest that epidote blueschist facies conditions (T = 330 570 °C, P = 8 16 kbar) were experienced during the prograde stage of the eclogitic metamorphism. This event occurred within a subduction zone. The estimated peak metamorphic conditions of the eclogites are T = 600 710 °C and P = 15 25 kbar. The subsequent retrograde path through epidote amphibolite and greenschist facies suggests a clockwise P T path, in contrast to the anticlockwise P T path proposed by previous work.
INTRODUCTION
The Aktyuz area is located within the Early Paleozoic folded belt of the Northern Kyrgyz Tien Shan, and lies east of the Makbal ultrahigh pressure (UHP) metamorphic complex (Fig. 1) . Eclogites in both the Aktyuz and Makbal areas experienced high pressure (HP) metamorphism (Bakirov, 1989; Tagiri et al., 1995) , and have been regarded as exotic blocks in a pelitic matrix (Sobolev et al., 1986) . Coesite inclusions in garnet have been described from talc garnet chloritoid schists forming the matrix in the Makbal area, suggesting that UHP metamorphic conditions were reached (Ishida et al., 2004) . However, in the Aktyuz area no evidence of HP UHP metamorphic conditions is recorded in the matrix gneisses. The Aktyuz area consists of pelitic gneisses, gneissose granites and migmatites, accompanied by eclogites, garnet amphibolites and amphibolites occurring as layers or lenticular bodies (Sobolev et al., 1986; Bakirov, 1989) . Tagiri et al. (1995) estimated that the peak metamorphic conditions of the Aktyuz eclogites were T = 600 °C and P > 12 kbar, but the prograde path of the eclogitic metamorphism was not determined. Puelles and Takasu (1996) proposed an anticlockwise P T path, from the amphibolite facies, through the peak metamorphic eclogite facies, to the epidote amphibolite facies, as suggested from pargasite and oligoclase inclusions in garnet within the eclogites. In this paper, we describe the minerals included within garnets in the Aktyuz eclogites, and suggest that a low to medium P/T metamorphic event occurred before the high P/T eclogite metamorphism. We also identify a prograde path through the epidote blueschist facies to the eclogite facies for the eclogitic metamorphism based on the new discovery of glaucophane within garnet and omphacite in the Aktyuz eclogites.
PETROGRAPHY OF THE ECLOGITES
The samples studied were collected from a lenticular body consisting of eclogite and garnet amphibolite. This body occurs in the southwestern part of the Aktyuz area and is about 60 m wide and 500 m long.
The eclogites are medium to coarse grained, and consist mainly of garnet, omphacite, phengite, and paragonite, along with minor amounts of quartz and rutile.
Garnet crystals in the eclogites are subhedral to anhedral and up to 2 mm across. The garnets are zoned and can be divided into core and rim based on chemical compositional zoning. Garnets in some eclogites contain inclusions of sodic and sodic calcic amphibole, epidote, staurolite, albite, oligoclase, K feldspar and hematite mostly in their cores, whereas paragonite, phengite, omphacite, quartz and rutile occur throughout (Fig. 2a) . Sodic amphibole occasionally occurs in garnet rims. Most of the inclusions occur as single grains, but rare inclusions of staurolite reach 0.1 mm in width, and are closely associated with sodic calcic amphibole, paragonite and oligoclase. These phases form polyphase inclusions in garnet cores, with assemblages such as sodic calcic amphibole + staurolite + paragonite ± hematite, sodic calcic amphibole + staurolite + oligoclase, paragonite + staurolite + oligoclase and paragonite + staurolite (Fig. 2a) , These polyphase inclusions within garnet do not coexist with other sodic amphibole, epidote, albite or omphacite.
Omphacite in the matrix coexisting with garnet occurs as subhedral prismatic crystals up to 7 mm in length, and contains inclusions of amphibole, albite, rutile and quartz. Pleochroism of the amphibole inclusions in the matrix omphacite varies from X = from pale green to pale yellow green, and Z = from green to deep green, except for glaucophane (X = pale blue and Z = greenish blue). The matrix omphacite is commonly decomposed Figure 1 . Generalized tectonic division of central Asia (after Tagiri and Bakirov, 1990 into a symplectitic aggregate omphacite with a lesser jadeite content + albite ± calcic and sodic calcic amphibole. Phengite occurs as inclusions in the cores and rims of garnet crystals, and reaches 0.3 mm in length. This mineral also occurs as the matrix phase of the eclogites, with grains reaching 1.5 mm. Some paragonite inclusions in the garnet cores frequently coexist with Mg taramite and/or staurolite as polyphase inclusions. The paragonite inclusions are up to 0.3 mm across. Larger crystals up to 1.5 mm also occur in the eclogite matrix. Rutile and quartz inclusions up to 0.2 mm occur within garnet and also appear in the matrix, where their size may reach 1 mm.
MINERAL CHEMISTRY
Abbreviations of minerals and end members used in the text, table and figures follow Kretz (1983) except for Ae, aegirine; Mg Trm, Mg taramite; Wnc, winchite; Olig, oligoclase, and Brs, barroisite. Leake et al., 1997) . Grt c pp, relic polyphase inclusions in garnet core; Grt c, inclusion in garnet core; Grt r, inclusion in garnet rim; Rim, rim composition of garnet. Table 1 ). Other amphibole inclusions in garnet cores are classified as glaucophane (Na B = 1.51 1.87 p.f.u. and Si = 7.05 7.79 p.f.u.), Mg katophorite (Na B = 1.11 1.33 p.f.u. and Si = 6.54 6.86 p.f.u.) and barroisite (Na B = 1.36 1.43 p.f.u. and Si = 6.80 7.08 p.f.u.). Amphibole inclusions within omphacite consist of glaucophane (Na B = 1.52 1.77 p.f.u. and Si = 7.32 7.65 p.f.u.), barroisite (Na B = 1.28 1.49 p.f.u. and Si = 7.19 7.32 p.f.u.), and Mg katophorite (Na B = 0.85 1.17 p.f.u. and Si = 6.60 6.85 p.f.u.). Glaucophane also occasionally occurs in garnet rims. Glaucophane cores are zoned to barroisite at the rim. In glaucophane free eclogites, garnet and omphacite also contain taramite, barroisite, and Mg katophorite. Some amphibole inclusions in omphacite of glaucophane free eclogites are zoned from edenite/ actinolite (Na B = 0.37 0.49 p.f.u.; Si = 6.62 7.74 p.f.u.) at their cores to winchite/barroisite at their rims (Na B = 0.51 0.69 p.f.u.; Si = 6.93 7.71 p.f.u.) (Fig. 2b) .
Garnet

Other minerals
Staurolite occurs as Fe rich varieties, with X Mg = [Mg/(Fe 2+ + Mg)] ranging between 0.16 and 0.29 (Table 1) ; the ZnO content reaches 0.4 wt%. Plagioclase from the polyphase inclusions (St ± Mg Trm ± Pg) in garnet is oligoclase (An < 16), whereas that associated with omphacite is albite (An < 8). K feldspar crystals occurring as garnet core inclusions are of end member composition (Or 97 98 ). Phengite inclusions in garnet cores have Si contents of 6.30 6.53 p.f.u. and X Na = [Na/(Na + K + Ca)] of 0.16 0.22 (O=22), whereas those at the rims have Si = 6.68 7.03 p.f.u. and X Na = 0.01 0.05. Paragonite in polyphase inclusions (St ± Mg Trm ± Pl) have low Si (5.11 5.26 p.f.u.) and X Na (0.72 0.82), and high Ca (0.33 0.55 p.f.u.) contents. Single crystal garnet core inclusions of paragonite have Si contents ranging from 5.31 to 5.75 p.f.u., Ca = 0.09 0.26 p.f.u. and X Na = 0.85 0.91, whereas those in the rim have higher Si (5.84 5.97 p.f.u.) and lower Ca (0.03 0.06 p.f.u.) and X Na (0.83 0.90). The margarite component of paragonite in polyphase inclusions is extremely high, whereas that in single phase garnet core paragonite inclusions is lower, and decreases towards the rims.
METAMORPHIC EVOLUTION DEDUCED FROM INCLUSIONS IN GARNET AND OMPHACITE
The metamorphic mineral inclusions in garnet and omphacite can be assembled into three groups based on their petrography and mineral chemistry. 
Metamorphic event before the eclogitic metamorphism
The first group assemblage of relic polyphase inclusions (St ± Mg Trm ± Pg ± Olig) contains Fe rich staurolite (X Mg < 0.29) and suggests amphibolite or epidote amphibolite facies metamorphism. Fe rich staurolite typically occurs in low to medium pressure metamorphic rocks of pelitic composition (Carlson and Reese, 1994) . However, an assemblage of Fe rich staurolite (X Mg = 0.24 ± 0.01) + margarite + paragonite + pargasitic amphibole has been reported from garnet cores in kyanite bearing UHP eclogites of the Sulu region (Enami and Nagasaki, 1999) , and Fe rich staurolite (X Mg < 0.19) + chloritoid + chlorite inclusions in garnet cores have been described from coesite bearing whiteschists in the Dora Maira massif of the Western Alps (Compagnoni and Hirajima, 2001 ). These studies conclude that the mineral paragenesis represents an early prograde stage of UHP metamorphism, with metamorphic conditions indicating T = 520 650 °C, P < 14 kbar for the Sulu UHP eclogites, and T < 600 °C, P < 16 kbar for the Dora Maira whiteschists, respectively. The experimentally determined stability field of Fe rich staurolite is bounded by the reactions of staurolite + quartz = almandine + Al 2 SiO 5 + H 2 O (1), staurolite + quartz = cordierite + Al 2 SiO 5 + H 2 O (2), and chloritoid + Al 2 SiO 5 = staurolite + quartz + H 2 O (3), representing T = 515 700 °C and P > 1.5 kbar ( Fig. 3 ; Richardson, 1968; Ganguly, 1972) . The pseudosection P T conditions of the assemblages involving staurolite and hornblende in various bulk rock compositions are calculated in the NCFMASH system, and are 4 10 kbar and 560 650 °C (Arnold et al., 2000) . This P T range is applicable to the conditions prevailing during the metamorphic event before the eclogitic metamorphism (Fig. 3) . Puelles and Takasu (1996) described pargasite and oligoclase (An 20 ) inclusions in garnets from the Aktyuz eclogites, and suggested they represented amphibolite facies conditions during the prograde stage as a precursor to the eclogite facies conditions. According to our present study, the pargasite and oligoclase described by Puelles and Takasu (1996) in fact belong to the event before the eclogitic metamorphism.
Main eclogitic metamorphic event
The discovery of glaucophane within garnet and omphacite of the Aktyuz eclogites indicates that conditions favoring glaucophane stability were established after the amphibolite/epidote amphibolite facies metamorphism. The prograde stage of the eclogitic metamorphism is thus characterized by the second mineral assemblage found in the garnets and omphacites as glaucophane, sodic calcic amphibole (barroisite and Mg katophorite), epidote, paragonite, phengite, albite, quartz and hematite in garnet, and calcic amphibole (actinolite and edenite) in omphacite. The mineral paragenesis represents epidote blueschist/ epidote amphibolite facies metamorphism (Evans, 1990) .
The semiquantitative phase diagram based on the composition of amphibole in hematite bearing basic schists (Otsuki and Banno, 1990 ) is applicable for estimation of the P T conditions during the prograde stage of eclogitic metamorphism (Fig. 3) . Actinolite included in omphacite is progressively zoned through winchite to barroisite, suggesting an increase of both temperature and pressure (Fig. 3) . The chemical composition of glaucophane in the Aktyuz eclogites is similar to the composition of glaucophane 3 noted in Evans (1990) . The stability field of blueschist with glaucophane 3 and the jadeite out reaction (4) (Holland, 1983) suggest P T conditions of 8 16 kbar and 330 570 °C for the prograde stage prior to the peak of eclogitic metamorphic conditions. after Takasu, 1989) . ECL, eclogite facies; GL, glaucophane schist facies; EA, epidote amphibolite facies; AMP, amphibolite facies; GS, greenschist facies; GRN, granulite facies; Act, actinolite; Wnc, winchite; Mrb, Mg riebeckite; Gln, glaucophane; Brs, barroisite; St, staurolite; Qtz, quartz. The shaded area (St + Hbl) is the stability field of staurolite and hornblende (Arnold et al., 2000) . Dashed lines show the stability fields of Act, Wnc, Mrb and Brs (Otsuki and Banno, 1990) . The dotted line 3 is the stability field of glaucophane 3 from Evans (1990 (Ganguly, 1972) ; (4) albite = jadeite + quartz (Holland, 1983) ; (5) paragonite = jadeite + kyanite + H 2 O (Holland, 1979) . Triple point of Al 2 SiO 5 after Holdaway (1971) . The solid arrow shows the prograde path of the eclogitic metamorphism; the heavy dashed arrow shows the retrograde path of the Aktyuz eclogite proposed by Tagiri et al. (1995) . Polymetamorphism of Aktyuz eclogites
The estimated peak metamorphic conditions are obtained from omphacite (Jd 50 ) inclusions in garnet rims.
Cpx values range between 7.5 and 9.9. The Grt Cpx geothermometers of Ellis and Green (1979) and Powell (1985) yielded T = 630 710 °C and T = 600 680 °C at 15 kbar, respectively. This minimum pressure for the eclogites is obtained by the reaction albite = jadeite 50 + quartz (4) (Holland, 1983) . The upper pressure limit of about 25 kbar at 650 °C is obtained by the paragonite out reaction of paragonite = jadeite + kyanite + H 2 O (5) (Holland, 1979) (Fig. 3) .
CONCLUSIONS
The inclusion phases in garnet and omphacite of the Aktyuz eclogites suggest the occurrence of two distinct metamorphic events (Fig. 3) . The first event was a relatively low to medium P/T amphibolite or epidote amphibolite facies metamorphism. This kind of relatively low P/T type event before eclogitic metamorphism has been described from Sambagawa eclogites in Japan (Miyagi and Takasu, 2005) , and may be attained at the metamorphic sole of ophiolites (Brown et al., 1982; Wakabayashi, 1990; Dilek and Whitney, 1997) . These studies suggest that the precursor low to medium pressure event was probably caused by the heat from a hot hanging wall at the inception of subduction.
The occurrence of glaucophane inclusions within garnet and omphacite suggests that the Aktyuz eclogites underwent prograde metamorphism of epidote blueschist facies conditions before peak eclogite facies metamorphism. This high P/T event took place within the subduction zone. The prograde metamorphism and subsequent retrograde path from eclogite, through epidote amphibolite to greenschist facies (Tagiri et al., 1995) suggest a clockwise P T path for the main eclogitic metamorphism (Fig. 3) .
